The neurodynamic effect of graded hydrocortisone treatment on rhinencephalic and telencephalic brain regions was studied in an experimental animal design that sampled isolated hippocampal, basal nucleic and frontal cortical brain regions of male wistar rats. Four test groups, ii to v were administered 2.5 mg, 5 mg, 7.5 mg and 10 mg respectively. The study period lasted for 6 weeks. Results were statistically analyzed and considered significantly different at a confidence interval of 95%. There was a progressive decline in olfactory response as dose of hydrocortisone treatment was increased. There was a significant dose-dependent decrease in assayed frontal cortical acetylcholine and hippocampal glutamate in brain tissue homogenates. Similar change was observed in brain tissue calcium, magnesium and sodium. For the behavioral, histological and biochemical tests conducted in this study, 6 weeks hydrocortisone treatment showed adverse manifestations from 5 mg, which was more obvious from 7.5 mg. The outcome of this study revealed a possible dose-dependent adverse effect of hydrocortisone on specific brain regions responsible for learning, memory, olfaction and psychosocial behavior. Ogadinma et al.; INDJ, 13(2): 1-7, 2019; Article no.INDJ.52924 2
INTRODUCTION
Well-known for their effect on gluconeogenesis, glucocorticoids regulate different cellular functions such as homeostasis, metabolism, development, cognition, inflammation and movement [1] . Furthermore, glucocorticoids have a critical role in adaptation to environmental challenges [2] , stress responses, and immune modulation [2, 3] . Endogenously, the production of corticosteroids is under the control of the hypothalamic-pituitary-adrenal axis [4] , activated by mental and physical stimuli [4, 5] . Some examples of synthetic glucocorticoids are hydrocortisone, Cortisone Acetate, Deflazacort, Prednisone, Prednisolone, Dexamethasone and Betamethasone [1, 6] . Few studies have reported physiologic manifestations related to glucocorticoid treatment [6, 7] but the underlying mechanisms by which it induces symptoms such as depression, mania and psychosis has never been established. Chronic glucocorticoid treatment represents a widely-prescribed therapy for several diseases in consideration of both antiinflammatory and immunosuppressive activities [7] . The Amygdala, hippocampus and cerebral cortex are prominent nervous system structures within the rhinencephalic and telencephalic brain regions [8] . These regions control species survival functions such as olfaction, behavior [5, 6] , movement, learning and memory [8] . The present study investigates the effect of varying dose administration of hydrocortisone on rhinencephalic and telencephalic neural flexibility and specific psychophysicochemical manifestations.
MATERIALS AND METHODS

Study Animals
The herein presented study used male wistar rats sampled within the matrices of the Biomedical Research Animal Facility in Madonna University, Nigeria, and kept in the Physiology Research Laboratory of same institution subjected to normal circadian rhythm, with food and liquids offered Ad libitum. All animals used were six weeks old and weighed between 120-180 grams. All efforts were made to minimize restraint and suffering.
Study Design
A total of twenty five (25) male wistar rats were used for this study. The animals were randomly selected and grouped into five (5) , with each group having a separate treatment. 
Toxicity Study
In rats and mice, the lethal dose 50 (LD 50 ) of Hydrocortisone is 1000 mg/kg.
Buried Food Test
The animals were fasted overnight before been introduced into clean cages 46 cm x 23.5 cm x 20 cm. The rewarding (food) stimulus was buried in 3 cm fresh cage bedding. Kellogg's ® cookies was used for this test. Each animal was allowed to acclimate to the cage for 5 minutes after which the latency period (in seconds) taken to find the food stimulus was carefully recorded. This test was conducted before and after the experimental period. Latency of olfaction using buried food test was assayed twice; before and after treatment period.
Biochemical Analysis
Rhinencephalic glutamate assay
Glutamate Assay Kit (MAK004), 96 well flatbottom clear plates Catalog Number M4436 and a Spectrophotometric multi-well plate reader with 10kDa Molecular Weight Cut-Off (MWCO) Spin Filter Catalog Number Z706345 was used for this assay. Glutamate concentration was determined by an enzymatic assay which resulted in a calorimetric product of 450 nm absorbance proportional to the glutamate present. The linear level of detection was between 2-10 nmole.
Telencephalic acetylcholine assay
A Choline/Acetylcholine Assay Kit (ab65345) was used for this assay. Free choline is oxidized to betaine via betaine aldehyde. The reaction generates products which react with the Choline Probe to generate color (570 nm absorbance) and fluorescence (Ex/Em 535/587nm).
Brain tissue electrolyte assay
Electrolytes are measured by a process known as Potentiometry. This method determines the potential difference that develops between the inner and outer phases of an ion selective electrode. The electrode is made of a selectively permeable material to the measured ion. The potential is measured by comparing it to the potential of reference electrode. Since the reference electrode has a constant potential, the voltage difference between the two electrodes is attributed to the concentration of ion in the sample.
Brain tissue homogenization
This was done using standard procedures by Ilochi, et al. 2018 [7] . The brain tissue was cut into slices of appropriate sizes for analysis (100 to 300 mg) and placed into a microcentrifuge tube. The typical sample size was 100 mg. The tissue was washed properly with 1 ml PBS. Glass beads (0.5 mm) equal to tissue mass followed by 0.1 to 0.6 ml of buffer was added. The microcentrifuge tubes were placed into blender at speed 6 at time 3 to homogenize.
Statistical Analysis
In other to properly translate the outcome of this study, data collected from this study was analyzed using One-Way analysis of variance (ANOVA) and Post Hoc analysis with the aid of IBM ® SPSS Version 20.0. The Percentage change (%c) was also presented in standard charts and tables, adopting methods used by Chuemere, et al. 2019 [8] .
RESULTS
The following results were obtained from this study; 
Fig. 1. Effect of hydrocortisone 7.5 mg treatment on frontal cortex
Histologic slide showing glial cell hyperplasia and patchy stroma cell loss at the region of the precentral cortex
Fig. 2. Effect of hydrocortisone 10 mg treatment on hippocampus
Histologic slide showing slight loss of pyramidal cells (CA3) in dentate region of the hippocampus. This loss of neurons may affect the mossy fibers and perforant pathway especially if the granule cells are implicated
Fig. 3. Effect of hydrocortisone 7.5 mg treatment on hippocampus
Histologic slide showing slight loss of pyramidal cells (CA1) in proximity to the subiculum of the hippocampus. This loss may affect the schaffer collateral communication between pyramidal cells CA3 and CA1
Fig. 4. Effect of hydrocortisone 7.5 mg treatment on basal nuclei
Histologic slide showing inflammation of the basal ganglia characterized by a dark stained appearance caused by aggregation of inflammatory cells 
DISCUSSION
Effect of Hydrocortisone on Olfactory Behavior
The prolongation of olfactory latency period followed hydrocortisone treatment in doses directly. The animals showed delayed olfactory response as the dose of treatment increased. From observation, hydrocortisone treatment increased the duration of time for each animal in a test group to successfully reach for the buried food stimuli.
Effect of Hydrocortisone on Glutamate Level in Rhinencephalic Brain Areas
Hydrocortisone administration at 2.5 and 5 mg caused no significant change in glutamate level, but compared to the control, as the dose administered was increased to 7.5 mg, there was a significant reduction in level of glutamate; this reduction was even greater at 10 mg.
Effect of Hydrocortisone on Acetylcholine Level in Telencephalic Brain Areas
The level of acetylcholine within telencephalic region at 2.5 mg dose administration of hydrocortisone was unchanged and similar to control. Significant changes were noticed as the dose of administration was increased to 5 mg. There was a progressive decrease in acetylcholine level as hydrocortisone treatment was increased from 5 mg to 10 mg.
Effect of Hydrocortisone on Electrolyte Concentration of Brain Tissue Homogenates
The effect of hydrocortisone treatment on brain tissue electrolyte concentration showed a threshold-like effect. For the assayed electrolytes, calcium, magnesium and sodium, the dose of hydrocortisone at 5mg marked the onset of significant reduction in brain level of these electrolytes. From 5mg dose of treatment, there was clearly an inversely proportional relationship between hydrocortisone treatment and the concentration of the assayed electrolytes.
The neurodynamic influence of hydrocortisone treatment was studied in an experimental animal model. Hydrocortisone is a steroidal agent commonly used as an immunosuppressant [2] . Endogenous production of hydrocortisone begins in early periods of the day, usually 6 to 7 am and reaches its peak around midday, a process that gradually declines till noon and occurs cyclically [9, 10] . Hydrocortisone enables us withstand daily stress and its deficiency has been implicated in Addisonian crisis [10] . Hydrocortisone affects various parts of the body, both psychologically and physically. Some ailments caused by increased hydrocortisone levels include a suppressed immune system, insomnia, severe mood swings, depression and severe hypotension [11] . Glucocorticoids, generally, inhibit inflammatory responses; specifically, hydrocortisone suppresses the synthesis and secretion of polyunsaturated fatty acids (PUFA) like arachidonic acids [12] , a key precursor for a number of mediators of inflammation [9, 12] . However, heightened levels of glucocorticoid hormones can lead to suppression of the body's immune response due to stabilization of lysosomes, decrease in number of circulating Helper T cells and a decrease in production of key mediators in immune response. A decrease in immune response reduces the body's ability to recognize and defend itself from foreign entities such as bacteria and viruses [13] . This may be the cause of the histologic manifestation peculiar to its administration in this study. Hydrocortisone also acts on the central nervous system by directly changing the electrical activity in the limbic system and the hippocampus [14]; this modulation can decrease REM sleep and increase slow-wave sleep and time spent awake [13, 14] . Increased levels of cortisol can cause insomnia and also severe mood swings [14] . Studies suggest the neurocognitive influence of hydrocortisone is directed at hippocampal neurons.
Its dose-dependent negatively correlating effect with acetylcholine and glutamate, both excitatory neurotransmitters, may also be implicating factors [14] . Neurotransmission of olfactory signals and receptor potentials may have been impeded by hydrocortisone exposure especially due to the fact that hydrocortisone adversely affects pyramidal cell synapses within the olfactory cortices. This study suggests hydrocortisone may likely cause habituation of olfactory synaptic potential but further investigation may be required.
CONCLUSION
Prolonged hydrocortisone 7.5 to 10 mg treatment daily, may cause both structural and biochemical changes in rhinencephalic and telencephalic brain areas which may be responsible for adverse neurobehavioral manifestations.
